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Implications for practice 
● Recognizing and solving classic issues in ecological restoration is crucial for this
developing science to continue being applicable under the current fast changing
environmental conditions.
● Young restoration scientists' voices may shed fresh views on classical problems
and help to achieve future international commitments.
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● Anticipating restoration, using multiple references and indicators that reflect 
ecosystem complexity, and promoting academia-practitioner partnerships in 
restoration projects, are feasible approaches already applied by young 
restoration ecologists to face classic restoration challenges.   
Abstract  
Restoration ecology is a young scientific discipline with limitations that compromise the 
recovery of ecosystem biodiversity and functions. Specifically for forest restoration 
planning and assessment, we first recommend measures prior to land use changes to 
deal with the common lack of efforts to anticipate and plan restoration. Second, we 
suggest using multiple references in restoration planning to avoid simplified reference 
characterization. Further, we advise assessing ecosystem recovery with indicators that 
better incorporate ecosystem complexity in recovery assessments. Finally, we propose 
initiatives to encourage scientific communication outside academia to diminish the 
communication gap between scientists and practitioners. 
Introduction 
Ecological restoration is today a key tool to counteract the global increase of ecosystem 
degradation and biodiversity loss (Aronson & Alexander 2013; Bastin et al. 2019), as has 
been acknowledged by the declaration of 2021-2030 as the United Nations Decade of 
Ecosystem Restoration (UN 2019). However, restoration ecology is a young discipline, 
which still faces challenges that need to be urgently addressed (Buisson et al. 2018). 
Restoration planning and assessment are essential stages of ecological restoration 
(Figure 1). Both stages are frequently discussed in scientific literature (Higgs et al. 2014), 
especially in forests (where restoration actions have been traditionally accomplished), 
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showing that they can compromise forest restoration success (Vallauri et al. 2005; 
Gatica-Saavedra et al. 2017). Here we focus on four challenges for forest restoration 
planning and assessment which we have encountered as young researchers, and 
suggest a fresh perspective to overcome these constraints. As young restoration 
ecologists, we must assume our share of responsibility to the challenges of ecological 
restoration in a changing world. 
Challenge 1: Land use management to anticipate restoration 
Planning land use (i.e., exploitation and land use changes) is crucial to reducing 
degradation of prior uses and costs of subsequent forest restoration (Rey Benayas et al. 
2016; Rohrer et al. 2018). Despite having the knowledge and tools to anticipate 
restoration, planned actions are often not implemented due to ecological and socio-
economic reasons. Regarding the first, understanding ecosystems, their components 
and the interactions between organisms is complex (e.g., seed dispersal, Pesendorfer 
et al. (2016)). Among the socio-economic reasons, traditional agriculture is usually 
focused on provisioning services, restricting or eliminating natural vegetation, like 
perimetral hedgerows (Rey Benayas et al. 2008, Van Vooren et al. 2017). 
During the active farming phases, implementing actions, such as planting hedgerows 
and isolated trees, can maintain seed sources, increase biodiversity, and provide 
habitats for animals (Manning et al. 2006; Rey Benayas et al. 2008). When degradation 
is caused by mining operations, actions like maintaining vertical faces can promote rocky 
habitats for rupicolous vegetation. Incorporating restoration actions during the 
exploitation may help to accelerate colonization and succession, and maintain rupicolous 
plant species (Rohrer et al. 2019). These actions may improve ecosystem services 
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during the active land use phase (e.g., pest control) and could shorten the time needed 
for the ecosystem to recover after land use change (e.g., seed dispersal), reducing 
restoration costs and catalyzing restoration process (Pesendorfer et al. 2016; Andivia et 
al. 2017). Consequently, despite the ecological and economic limitations, the 
implementation of planned actions could favor restoration success. 
Challenge 2: Reference ecosystem identification 
The use of references (i.e., models of the ecosystem condition prior to degradation; 
McDonald et al. 2018) for designing the restoration of degraded sites may be 
controversial (Dufour & Piégay 2009; Aronson et al. 2017). First, the inherent uniqueness 
of each reference and degraded site (i.e., its biotic and abiotic legacies) implies that no 
reference is a perfect match for a given degraded site (White & Walker 1997). Moreover, 
the characterization of references can be costly and time consuming in practice, and it 
is usually simplified (i.e., by using few reference sites; Ruiz-Jaen & Mitchell Aide (2005)).  
The problem of site specificity could be partially solved by using multiple references for 
each restored site, selected within a range of similar environmental conditions (White & 
Walker 1997). Therefore, a range of variation of reference values could be incorporated 
in restoration design. Cruz‐Alonso et al. (2019) identified all possible refer ence forests 
using the Spanish Forest Inventory - an open access database of gridded forest plots 
(Alberdi et al. 2016) -, selecting those closer than 15 km and 200 m in altitude from the 
restored forest and within the same forest type. The use of already existing public biotic 
and abiotic databases to characterize different ecosystem attributes (e.g., land cover 
maps, historical aerial photographs; Ruiz‐Benito et al. Under review) may reduce the 
cost of using multiple references. To date, this systematic information is not available for 
forests in most parts of the world, but there is a worldwide trend of sharing biodiversity 
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data (García 2019). The use of multiple references characterized through biodiversity 
databases could help restoration design in the near future.  
Challenge 3: Indicator selection and long-term recovery 
Over the last few years, several studies have concluded that most restored forest 
ecosystems do not recover the biodiversity and functions that existed prior to disturbance 
(e. g., Curran et al. 2014; Moreno-Mateos et al. 2017). However, the assessment of 
ecosystem recovery is usually based on simplified metrics that do not capture the 
complexity of the ecosystem (e.g., number of species), and that are only measured for a 
few years after restoration takes place (Ruiz-Jaen & Mitchell Aide 2005; Montoya et al. 
2012). This may lead to an underestimation of the actual time required for ecosystems 
to recover.  
Long-term monitoring may be unrealistic for practitioners and scientists. A 
chronosequence-based approach (i.e., space-for-time substitution) might be a feasible 
alternative for scientists to explore ecosystem recovery in the long-term (Sutherland et 
al. 2016; Cruz‐Alonso et al. 2019). This method requires the disturbance cessation date, 
but records are often not available, thus, using dating techniques becomes necessary. 
For example, to date the abandonment of ancient mines later covered by a beech forest, 
several techniques can be used: i) consulting local history records; ii) using optically 
stimulated luminescence to determine when sediments rich in silica were last exposed 
to sun radiation; iii) using dendrocronological approaches to estimate the beginning of 
tree recruitment after perturbation. 
Alternative approaches with metrics integrating higher complexity (e.g. interaction 
networks and multifunctionality indexes (Cruz‐Alonso et al. 2019; Rodríguez -Uña et al. 
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2019)) and for longer time periods should be applied, as many ecosystems may need 
centuries or more to fully recover (Curran et al. 2014; Rey Benayas et al. 2015). 
Challenge 4: The communication between science and practice 
Restoration ecologists develop new knowledge, but what is studied is not always focused 
on what needs to be developed in practice, and scientists frequently lack experience or 
opportunities to carry out applied programs (Hopkinson et al. 2017). Furthermore, they 
do not have easy access to knowledge produced outside academia. On the other hand, 
most practitioners have limited access to scientific information, such as scientific journals 
(Amano et al. 2016). Moreover, their perspectives are not always aligned with the 
theoretical models for ecological restoration (Aronson et al. 2017) and finally, business-
as-usual approaches, such as monospecific and linear revegetation, seem hard to 
abandon. 
To overcome these issues, effective academia-practitioner collaboration and sharing 
information is essential (Meli et al. 2019). Collaborations would enable scientists to test 
their knowledge (Castillo 2000) and help practitioners to improve practices toward 
making scientific based decisions. For example, through an innovative partnership with 
the University of Castilla-La Mancha, the mining company LafargeHolcim Spain is 
restoring natural vegetation at a quarry, based on the university’s studies on secondary 
succession (Usarek et al. 2018). The mining company has partnerships with other 
organizations as well, such as non-profit NGOs like the FIRE Foundation (Rohrer 2019). 
Furthermore, scientists could provide the knowledge to Administrations so they can 
include ecological requirements in their restoration programs, thus encouraging 
practitioners to prioritize these practices in their project planning and design. 
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Finally, in the current competitive and publishing driven environment in science (Mazón 
et al. 2019), scientists should be rewarded for communicating their findings outside of 
academia (Castillo 2000), e.g. by assigning specific scores for scientific dissemination 
when applying for official scholar quality assessments and accreditations such as the 
ANECA in Spain (ANECA 2019), or when applying for project funding. Efforts towards 
finding common working grounds and sharing knowledge is crucial to achieving 
ecological restoration goals. 
Conclusion 
In the coming decades, young restoration ecologists will continue to face old problems 
in a rapidly changing environment, and they will play an essential role in developing 
ecological restoration as a useful tool to revert ecosystem degradation. Here we propose 
fresh approaches to overcome some of the main challenges in forest restoration planning 
and assessment. First, we call for planning measures prior to land use changes to 
facilitate restoration. Then, we recommend the use of multiple references when planning 
ecological restoration and the use of indicators integrating forest complexity to assess 
long-term recovery. Finally, we address how to reduce the science–practice 
communication gap by promoting knowledge dissemination outside academia. All of 
these proposals could be integrated to better accomplish international forest restoration 
initiatives.  
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Figure 1. Stages of ecological restoration (from the exploitation of resources to the 
restored ecosystem) based on McDonald et al. (2018) (green dotted square). The loop 
of the arrow represents the adaptive management approach where the monitoring and 
the maintenance stages repeat as often as necessary to obtain the restored ecosystem. 
The tips below each stage are discussed in this article. 
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